In such studies, the bioavailability of a potential drug, its pharmacokinetics, effects on blood pressure, body temperature and motor activity are also determined.
Why animal models for ischaemic brain damage?

Two rodent models are widely employed: the transient global forebrain ischaemia model, in which the entire blood supply to the brain is transiently interrupted (imitating cardiac arrest), and the focal cerebral ischaemia model, in which the proximal middle cerebral artery is occluded. In addition to the initial damage in the immediate vicinity of occluded blood vessels, cerebral ischaemia also results in a wave of delayed cell death that spreads to surrounding tissue, the so-called penumbra. Whereas neuronal death occurs rapidly in the ischaemic core, neurons remain viable for many hours in the surrounding penumbra, providing a period of possible therapeutic intervention ("time to treatment" window). After inducing transient ischaemia, the animal is allowed to recover for some time, then is sacrificed and the brain damage studied in detail.
In such studies, the bioavailability of a potential drug, its pharmacokinetics, effects on blood pressure, body temperature and motor activity are also determined.
Background Information Excitotoxic cascade during stroke
Stroke is the third leading cause of death and an important cause of adult disability in industrialised countries. Most strokes are caused by an acute interruption of the brain's blood supply, which leads to tissue ischaemia in the particularly vulnerable central nervous system. To investigate the cellular mechanisms occurring in ischaemic brain damage, a variety of rodent models have been developed that mimic the pathogenic environment of nerve cells during stroke. Cell culture models are also finding increasing use (Honegger and Pardo, 2007) .
Ischaemic neurons deprived of oxygen and glucose rapidly lose their energy currency ATP, their intracellular pH then drops, and they depolarize. Among other consequences, the neurotransmitter substance glutamate is released. The accumulation of the excitatory transmitter glutamate excessively stimulates glutamate receptors of neighbouring cells, inducing increases in intracellular calcium levels and the production of free radicals, which in concert orchestrate cell injury. This cellular disorder is called excitotoxic cascade. One approach to reducing brain damage following a stroke might involve the application of neuroprotective substances that inhibit various stages of this cascade.
Generation of human nerve cells in the petri dish
We started with a well-characterised teratocarcinoma cell line (Ntera-2, NT-2) derived from a human testicular cancer. Upon treatment with the morphogen retinoic acid, the NT-2 line can be induced to differentiate into postmitotic neurons (Pleasure et al., 1992) . This protocol involves a 5-7 weeks exposure with the morphogen, followed by two replates, a 7-10 days lasting treatment with mitotic inhibtors, and selective trypsinisation steps for neuronal purification. Taken together, the differentiation of NT-2 precursor cells into neurons requires between 44 and 56 days of cell culturing work and this is also the main disadvantage of this differentiation method.
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Time for differentiation is reduced by half
The conventional differentiation protocol uses adhesive substrates on which the cells are grown as monolayers. We seeded NT-2 precursor cells onto bacteriological grade petri dishes upon which these cells do not adhere. Under these conditions the cells proliferated as clusters in the shape of free floating spheres (Fig. 1a) . At later stages of the neuronal differentiation process, the cells were again cultured as a monolayer. Allowing the cells to proliferate as free-floating cell spheres cuts the total time needed to obtain high yields of purified NT-2 neurons to about 24 -28 days (Paquet-Durand et al., 2003) . The cells obtained show neuronal morphology, migrate to form ganglion-like cell conglomerates, and are immunoreactive to neuronal cytoskeletal markers (Fig. 1b) . Some epitheloid cells were also present in the petri dishes, but staining for neuronal markers indicated that after final plating the cell cultures were composed of approximately 90-95% human nerve cells (Fig. 1b) . Calcium imaging techniques showed that NT-2 neurons express glutamate receptors including the N-methyl-D-aspartate type (Paquet-Durand and Bicker, 2004) .
Cultured nerve cells are sensitive to ischaemic injury
In cell cultures the cell densities are lower than in intact tissue. Conversely, the volume of the surrounding medium is considerably larger than the extracellular tissue volume. Thus, only traces of oxygen are sufficient for cell survival. To mimic anoxia in culture, the NT-2 neurons were kept under an atmosphere of 95% argon and 5% CO2; to ensure complete anoxia, remaining traces of oxygen in the medium were removed with non-toxic concentrations of dithionite. Glutamate served as excitotoxin. Cell viability was assessed using the Alamar Blue assay, which measures metabolic activity. The reduction in the cells' viability over time increased with the duration of anoxia (Fig. 2) and increasing glutamate concentrations. Anoxia times of four hours resulted in the destruction of more than 80% of the cells. Control experiments with undifferentiated NT-2 teratocarcinoma cells showed no vulnerability to anoxia (PaquetDurant and Bicker, 2004 ).
An important parameter that influences the vulnerability of the mature postmitotic NT-2 neurons is the time in culture (Fig.  3) following the differentiation process. Older NT-2 neuronal cultures are more vulnerable to ischaemic insult, reflecting ongoing maturation of neurochemical properties in vitro. The cell culture model can be used to assay for potential neuroprotective compounds. We have shown that low doses of diltiazem, a licensed drug that is commonly used to treat cardiovascular disorders, protects the human model neurons against ischaemic damage (Paquet-Durand et al., 2006) . 
Reduction and replacement of laboratory animals
Stroke-related research often depends on animal models, because the interest is mainly focused on general brain damage after ischaemic lesions rather than on the effects on individual brain cells. The NT-2 cell culture system, in contrast, focuses more on the neuronal cell biology which has a number of advantages (Paquet-Durand and Bicker, 2007): 1) NT-2 neurons are derived from a human cell line, thus they are especially suitable for screening for neuroprotective drugs effective in the human brain.
2) The fairly homogeneous cellular composition of clonally derived neurons allows for large-scale cell-based assays. 3) Culturing NT-2 neurons in a monolayer readily allows electrophysiological recordings and optical imaging studies to investigate the excitotoxic cascade at a cellular level. Accordingly this cell culture system might i) replace the use of primary cell cultures prepared from rodent embryos, ii) reduce the number of laboratory animals needed in initial stages of drug screening and iii) has the potential to replace laboratory animals in basic stroke research.
